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Abstract: Fire protective coatings have historically lacked sufficient du-
rability to maintain the coating in good condition and protect the substrate 
from corrosion. New, innovative epoxy intumescent coatings are much 
more durable and inhibit corrosion of steel. This project demonstrated the 
performance of this type of coating system on two structures at Rock Isl-
and Arsenal where fire risk and corrosive conditions are significant, and 
included outdoor exposure testing and accelerated weathering tests at the 
ERDC-CERL paints and coatings laboratory. Additional research was con-
ducted to further develop engineered siloxane-epoxy coating technology as 
fire protective and corrosion-resistant coating systems with improved du-
rability. The coating system successfully demonstrated in this project has 
the potential to provide the benefits of this protection to many types of 
structures across the DoD. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Executive Summary 

Fire protective coatings offer a form of passive fire protection. Many of the 
fire protective coating systems that have been developed over the years 
have not had sufficient durability to maintain the coating in good condi-
tion and protect the substrate from corrosion. The coatings can be brittle 
and inflexible, subject to failure over time, resulting in greater risk of dam-
age due to corrosion or a fire. New, innovative epoxy intumescent coatings 
are much more durable and inhibit corrosion of steel. This project demon-
strated the performance of this type of coating system on two structures at 
Rock Island Arsenal where fire risk and corrosive conditions are signifi-
cant. A test rack for painted test panels was installed at the site, and panels 
placed there for long-term outdoor weathering tests. Accelerated weather-
ing tests were conducted in the ERDC CERL laboratory. 

Additional research was conducted to further develop fire protective and 
corrosion-resistant coating systems that exhibit improved durability, re-
duced environmental impact, and more rapid curing under ambient condi-
tions. Engineered siloxane-epoxy coating technology was identified as hav-
ing excellent potential to provide these features, but this resin system had 
not been formulated for use as corrosion resistant fire protective coatings. 

The coating system demonstrated in this project has been shown to pro-
vide good corrosion protection to the steel in corrosive environments in 
accelerated laboratory tests and on the structures at Rock Island Arsenal. 
Additionally, the system is designed to protect the steel from reaching high 
temperatures in a fire for up to 3 hours. This system has the potential to 
provide the benefits of this protection to many types of structures across 
the DoD.  

An aliphatic epoxy and siloxane resin-based prototype coating was devel-
oped which exhibits improvements in VOC, pot life, dry time, hardness, 
flexibility and elongation, chemical and corrosion resistance, and UV du-
rability. 
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Unit Conversion Factors 

Multiply By To Obtain 

degrees Fahrenheit (F-32)/1.8 degrees Celsius 

Feet 0.3048 meters 

gallons (U.S. liquid) 3.785412 E-03 cubic meters 

Inches 0.0254 meters 

Mils 0.0254 millimeters 

square feet 0.09290304 square meters 
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1 Introduction 

1.1 Problem statement 

The primary reason steel structures are painted is to protect the steel from 
the effects of corrosion. The aesthetic effects of color, texture, and gloss are 
secondary. A typical coating system has a finite service life, after which it 
can be renewed by cleaning, spot priming and applying a new topcoat, or it 
can be completely removed and replaced with a new system.  

A coating system can also provide thermal protection to a structure in the 
event of a fire. Some of the best coating systems currently available for fire 
protection are intumescent epoxies that decompose when exposed to high 
temperatures. Gasses are released which cause the material to swell to 
several multiples of its original thickness, forming an insulating char. This 
char prevents high heat from transferring to the steel, allowing time for 
the egress of building occupants or for firefighting before the structure it-
self is threatened. Fire protective coatings are applied in much greater 
thicknesses than traditional paint systems, and the degree of fire protec-
tion is usually in direct proportion to the coating thicknesses. A coating 
system for corrosion protection of steel has a thickness on the order of 127 
microns (5 mils, 0.005 inch), fire protective coatings can range from 6350 
microns (.25 inch) to a full 12700 microns (1/2 inch) or greater.  

This type of coating is a form of passive fire protection. In order for the 
coating to perform its function at the time of a fire, it must be present in 
good condition at the time it is needed. The thick, heavy coating must 
maintain its adhesion to the steel surface and withstand the effects of tem-
perature cycles, exposure to weather (for exterior systems), and impact 
and abrasion.  

These performance requirements are in addition to the basic function of 
providing corrosion protection and aesthetic appeal. Many of the fire pro-
tective coating systems that have been developed over the years have not 
had sufficient durability to maintain the coating in good condition and 
protect the substrate from corrosion. The coatings can be brittle and in-
flexible, subject to failure over time, resulting in greater risk of damage 
due to corrosion or a fire.  
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Intumescent coatings are based on a variety of binder systems, including 
water based latexes or epoxies. Water-based latex coatings are generally 
used in what is often referred to as thin film intumescents (approximately 
1.27 mm (0.05 inches or 50 mils) in thickness when applied). These thin-
ner films are more aesthetically pleasing in appearance, yet they still pro-
vide up to 2 hours fire protection, with thicker films providing longer pro-
tection. Because of their composition these coatings tend not to be durable 
and provide little corrosion protection to steel. 

New, innovative epoxy intumescent coatings are much more durable and 
inhibit corrosion of steel. They decompose on exposure to high tempera-
tures, releasing gasses which expand the material, forming a layer of 
“char” that will help to keep steel from reaching softening temperatures 
for up to 4 hours. This leaves a longer widow of time for the egress of per-
sonnel from the building, and for fighting the fire before significant loss of 
strength of the steel occurs.  

Additionally it is recognized that there is a need to further develop fire 
protective and corrosion-resistant coating systems that exhibit improved 
durability, reduced environmental impact, and more rapid curing under 
ambient conditions. These coatings will ideally also provide direct to metal 
adhesion and corrosion resistance. Engineered siloxane-epoxy coating 
technology was identified as having excellent potential to provide these 
features. Coatings employing this technology have demonstrated excellent 
durability and may be formulated without the addition of organic solvents. 
Additionally, coatings of this type cure rapidly under ambient conditions 
and can be applied with existing application equipment. However they 
have not been fully characterized with respect to structure property rela-
tionships or optimized for adhesion to multiple substrates. Further these 
coatings have not been formulated for use as corrosion resistant fire pro-
tective coatings. 

1.2 Objective 

The objectives of this effort were to:  

• demonstrate apply a state-of-the-art epoxy-based fire resistant coating 
system with improved corrosion resistance on multiple Army struc-
tures where fire risk and corrosive conditions are significant;  

• monitor the corrosion performance of the coating system on the struc-
tures over time, and monitor the performance of the coating system, 
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standard baseline systems, and alternative systems applied to metal 
coupons exposed on an outdoor rack and in accelerated testing in the 
laboratory; and  

• further develop the coating performance by evaluating modified paint 
formulations in the laboratory.  

1.3 Approach 

A demonstration site was sought that had at least two different types of 
corrosive environments on structures where fire risk is a concern. Candi-
date structures for consideration included manufacturing facilities, heat or 
energy plants, or vehicle or aircraft maintenance facilities. The ideal struc-
tures would have exposed steel support columns and beams. The site also 
needed to have a suitable location for the placement of a corrosion test 
rack facing south, not shaded by other structures or foliage, and in the cor-
rosive environment.  

A separate laboratory study was performed to identify possible ways to 
further improve coating performance for military structure requirements. 

Additional details about this study are provided in the following appendic-
es: 

• Appendix A: Project Management Plan for CPC Project AR-F-318 
• Appendix B: Contractor Work and Safety Documents 
• Appendix C: Laboratory and Coupon Test Data 
• Appendix D: Suggested Implementation Guidance. 
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2 Technical Investigation 

2.1 Project overview 

A contract for the field application of the coating systems on Buildings 227 
and 299 at Rock Island Arsenal was awarded to Mandaree Enterprise Cor-
poration, and subcontractors PPG Industries, Inc. (coating materials and 
technical oversight), and Almega Company, Inc. (surface preparation and 
coating application). Site support for the work was provided by the staff at 
the Directorate of Public Works at Rock Island Arsenal. Additional labora-
tory work was performed by PPG to further develop fire-protective coat-
ings systems with enhanced resistance to corrosion.  

Two structures were selected for this work at Rock Island Arsenal. Build-
ing 227, a coal-fired heating plant, is known for having a corrosive envi-
ronment due to the plant emissions. At Building 227 interior steel support 
columns in the two baghouses and exterior stair tower support columns 
were blast cleaned and protected with a 3-coat system including a primer, 
the intumescent fire protective coating, and a polyurethane topcoat. Adja-
cent structural members were cleaned and topcoated for aesthetic appeal 
and added protection. A fire and corrosion-resistant coating system was 
also applied to interior steel support columns in a section of Building 299, 
a manufacturing facility where the interior steel can be exposed to corro-
sive chemicals and chemical fumes. In both of the facilities a new corro-
sion-resistant fire protective coating system will to provide additional per-
sonnel and asset protection. The coating system was applied to selected 
surfaces on each building as shown in Table 1. 

Table 1. Coating system application notes. 

Surface Notes 

1. Bldg 227 Heating Plant 
West Baghouse 

Apply epoxy intumescent coating to baghouse steel support columns and stair 
tower support columns on exterior of baghouse. Apply topcoat to the adjacent 
structural members. See drawings in Appendix B.  

2. Bldg 227 Heating Plant 
East Baghouse 
 

Apply epoxy intumescent coating to baghouse steel support columns and stair 
tower support columns on exterior of baghouse. Apply topcoat to the adjacent 
structural members. See drawings in Appendix B.  

3. Bldg 299 – Interior 
Support Columns, 
Southwest Interior 

Apply epoxy intumescent coating to interior steel support columns. Apply 
coating in increments of 1 high bay at a time, 2 high bays total. See drawings in 
Appendix B.  
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The surface preparation and coating systems were selected to provide 
long-term corrosion resistance and to provide up to 3 hours of protection 
to the steel in the event of a fire.  

A test panel exposure rack was installed outside on the sunny south side of 
Building 227 and painted test panels were prepared and mounted to the 
exposure rack as the work on both buildings was being completed. These 
are being periodically rated for the performance of a series of coating sys-
tems, including the test coatings, and various alternate coating systems, 
including topcoat and primer systems without the intumescent interme-
diate coat. Research and development was conducted to further improve 
the corrosion inhibition, durability, cure response, and environmental im-
pact of siloxane-epoxy coatings for military structures. 

Additionally the researchers further developed the formulation of the fire 
protective and corrosion-resistant coating systems to provide coatings that 
exhibit improved durability, reduced environmental impact, and more 
rapid curing under ambient conditions. The ideal system is one that will 
also provide direct to metal adhesion and corrosion resistance, even when 
over a poorly prepared surface. Engineered siloxane-epoxy coating tech-
nology was identified as having excellent potential to provide these fea-
tures. Coatings employing this technology have demonstrated excellent 
durability and may be formulated without the addition of organic solvents. 
Coatings of this type cure rapidly under ambient conditions and can be 
applied with existing application equipment. However they have not been 
fully characterized with respect to structure property relationships or op-
timized for adhesion to multiple substrates. Further these coatings have 
not been formulated for use as corrosion resistant fire protective coatings. 

2.2 Surface preparation and installation 

Surface preparation and coating system application was performed by the 
coating subcontractor, The Almega Company. Onsite work began June 4 
and was concluded August 3, 2007. The same coating system was applied 
in on the interior and exterior surfaces of Building 227, and on the interior 
columns of Building 299.  

The surface preparation was different for interior surfaces and exterior 
surfaces. The exterior surfaces on Building 227 were abrasive blasted to a 
near-white metal grade (SSPC SP6). Interior steel surfaces of building 227 
were power washed per SSPC SP1, and the interior steel surfaces of Build-
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ing 299 were solvent wiped in accordance with SSPC SP1. This coating sys-
tem is based on three coats of the material shown in Table 2. 

Table 2. Coating system components. 

 Material Type Manufacturer, 
Name, Number 

Coating Thickness, 
microns (mils) 

Primer two-component direct-to-rust 
epoxy mastic 

PPG, Pitt-Guard 
DTR 

102 to 152  
(4 to 6) 

Intermediate 
Coat 

2-component flexible 
intumescent epoxy 

PPG, Pitt-Char XP 13460 
(530) 

Topcoat high build, semi-gloss acrylic 
polyurethane 

PPG, Pitthane  
95-8800 Series 

51 to 76 
(2 to 3) 

 
The intumescent epoxy coating is reinforced with a fiber mesh embedded 
at approximately half the total thickness. The purpose of the fiber mesh is 
to reinforce the layer of insulating char that forms in the event of a fire. 
The mesh prevents cracking to the steel substrate, which would reduce the 
insulating properties of the char. The procedure is as follows: 

1. Apply approximately 6,350 microns (250 mils) of the material. 
2. Apply the fiber mesh to the wet coating and roll in to eliminate wrin-

kles, gaps, and voids.  
3. Apply a second coat of the intumescent epoxy to achieve the total 

thickness. 

Figure 1 – Figure 6 show several views of Buildings 227 and 299 before 
and after the coating application work: 

 
Figure 1. Building 227 exterior before coating application. 
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Figure 2. Building 227 exterior after coating application. 

 
Figure 3. Building 227 exterior after coating application. 
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Figure 4. Building 227 interior after coating application. 

 
Figure 5. Building 299 interior before coating application. 
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Figure 6. Building 299 interior after coating application. 

2.3 Performance monitoring and data collection 

The set of data from the accelerated laboratory testing and the coupon test 
rack outside Building 227 at Rock Island Arsenal is included in Appendix 
C.  

2.4 Formulation enhancement studies 

2.4.1 Identification of coating structure property relationships  

The structure property relationships of engineered siloxane epoxy coatings 
were studied in several ways. Variations were performed on the epoxy re-
sins, the siloxane resins, and the aminosilane curatives that resulted in 
improved flexibility and impact resistance, faster dry times, increased cor-
rosion resistance, as well as changes in hardness, adhesion and durability, 
depending on the variations studied.  

2.4.2 Aminosilanes 

The aminosilane structure was altered through the type of silane functio-
nality, the structure and nature of the amine unit, and the type of linkages 
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between these reactive sites. These changes led to significant impacts on 
the dry times and flexibility of the system.  

Table 3. Tack-free times (ASTM D 1640*). 

Commercial 
Aminosilane  

Aminosilane A 
(difunctional) 

Aminosilane B (low 
viscosity diluent) 

70/30 Blend of A and 
B 

2-3 hrs 8-10 minutes 30-40 minutes 10-15 minutes 

*ASTM D 1640 - Standard Test Method for Drying, Curing, or Film Formation of Organic Coatings at 
Room Temperature 

 
Alteration of the aminosilane structure leads to significantly faster tack 
free times. The tack free time can be adjusted by changing the blend ratio 
of the aminosilanes A and B. Humidity also plays a role in the tack-free 
time of the polysiloxane coatings as seen in Figure 7. Humidity was varied 
at a constant 30% diluent level and the diluent was varied at a constant 
50% RH. 

 
Figure 7. Tack-free times for modified formulations. 

Commercially available epoxy siloxane coatings have low VOC and provide 
a good combination of UV durability and corrosion resistance. However, 
they are slow to cure, particularly in cold weather, and can not be force 
cured above 140 °F because of the volatility of certain constituents. Addi-
tionally, these coatings lack the flexibility required for certain applications. 

The new aminosilane curatives can be used to improve the cure response 
and flexibility, especially with the use of a third aminosilane adduct (Ami-
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nosilane C) that has higher amine content and lower alkoxysilane content. 
A comparison of the properties of these formulas is shown in Table 4. 

Table 4. Property comparison of four formulations with differing aminosilane content. 

Property/Composition Commercial 
Polysiloxane  

Experimental 
Formula I 

Experimental 
Formula II 

Experimental  
Formula III 

 Epoxy Epoxy Epoxy Epoxy 

 Siloxane Siloxane Siloxane Siloxane 

  Commercial 
Aminosilane ---- ---- Commercial 

Aminosilane 

 ---- Aminosilane A Aminosilane A Aminosilane A 

 ---- Aminosilane B Aminosilane B --- 

 ---- ---- Aminosilane C --- 

  ---- ----  Titanate --- 

Tack Free Times (ASTM D 1640) 3 hours 10-15 minutes 20-30 minutes 
30-40  
minutes 

Adhesion (ASTM D 3359, 
Method B) 4B 3B 4B 4B 

Hardness 
Konig (ASTM D 4366) / Pencil 
(ASTM D 3363)  

 
74 / H 

 
84 / 2H-4H 

 
102 / H – 3H 

 
90 /  

% Elongation on Mandrel Bend 
(ASTM D 522) <3% 11% 24% 

 
4.5% 

Salt fog resistance, SBS,  
750 hours 
ASTM scribe rating (ASTM D 
1654, Method A) 

 
6 

 
0 

- 

 
6 

Referenced Test Methods: 
ASTM D 1640 - Standard Test Method for Drying, Curing, or Film Formation of Organic coatings at Room 
Temperatures 
ASTM D 3359 - Standard Test Methods for Measuring Adhesion by Tape Test 
ASTM D 4366, Method A - Standard Test Methods for Hardness of Organic Coatings by Pendulum Damp-
ing Tests, Method A - Konig Pendulum Hardness Test 
 ASTM D 3363 - Standard Test Method for Film Hardness by Pencil Test 
ASTM D 522 - Standard Test Methods for Mandrel Bend Test of Attached Organic Coatings 
ASTM D 1654 - Standard Test Method for Evaluation of Painted or Coated Specimens Subject to Corro-
sive Environments 

 
The use of titanate in the Experimental Formula II contributed to a faster 
tack free time, without titanate, the coating takes ~1.5 hr to become tack 
free. While this formula has improved physical properties as shown above, 
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the drawback to this system is the decreased UV durability of aminosilane 
C.  

The type and amount of aminosilane was also found to have a major effect 
on corrosion resistance, particularly on sand blasted steel substrates. 
Epoxy siloxane coating systems cured with blends of fast curing Aminosi-
lane A and Aminosilane B exhibited severe blistering at the scribe and 
ASTM ratings of 0 while similar epoxy siloxane resin systems cured with 
either the slower reacting commercial aminosilane or a blend of the slower 
reacting commercial aminosilane and Aminosilane A exhibited excellent 
corrosion resistance with ASTM scribe ratings of 6 after 1,500 hours salt 
fog exposure.  

The aminosilane curative component of the current prototype provides an 
optimum balance of fast dry time and high hardness with improved flex-
ibility, excellent corrosion resistance and exceptional UV durability.  

2.4.3 Epoxy resins 

The effect of epoxy resin structure, functionality and molecular weight on 
the performance properties of formulated epoxy siloxane coating systems 
was also investigated. Aliphatic, cycloaliphatic and aromatic epoxy resins 
were studied as well as epoxy resins based modification with core shell 
rubber and silica nanoparticle dispersions. Functionality and molecular 
weight of the epoxy resins were varied from 2 to 6 and about 300 to 1,500, 
respectively.  

All of the formulations shown in Table 5 were based on a titanium dioxide 
pigmented resin blend of 53% siloxane resin and 47% of the indicated 
epoxy resin. Each pigmented resin system was cured with a blend of com-
mercially available aminosilane and Aminosilane A and allowed to cure 2 
weeks at ambient temperature before being placed in test.  

Formulations based on the aromatic epoxy, core shell rubber dispersion 
epoxy and silica nanoparticle modified epoxy had poor gloss retention in 
QUV-B accelerated weathering tests. Low functionality, low molecular 
weight aliphatic epoxy resins tended to be water sensitive and had poor 
corrosion resistance in salt fog, cyclic Prohesion and Cleveland humidity 
testing. Low functionality, higher molecular weight epoxy resins had excel-
lent flexibility but tended to have limited compatibility with the siloxane 
resin and low initial gloss. Medium functionality, medium molecular 
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weight aliphatic and cycloaliphatic epoxy resins generally provided the 
best combination of flexibility, UV durability and corrosion resistance.  

Table 5. Epoxy resin formulation comparisons. 

Epoxy Resin 
Structure 

Comm. 
Epoxy 
Siloxane 

Aromatic 
Epoxy 

Aliphatic 
Epoxy A 

Aliphatic 
Epoxy B 

Cyclo 
Aliphatic 
Epoxy  

Core Shell 
Rubber 
Dispersion 
Epoxy  

Silica 
Nanoparticle 
Modified 
Epoxy 

Aliphatic 
Epoxy C 

MW/f - 380/2 1062/6 1500/3 270/2 220/2 750/2 300/2 

Conical 
Mandrel 
Elongation, % 
(ASTM D 522) 

 
<3% 

 
<3% 

 
8.5% 

 
22% 

 
3.5% 

 
3.5% 

 
4.3% 

 
4.5% 

QUV-B, (ASTM 
G 154) 
60ogloss  
% retention 
(ASTM D 523) 

initial 
2 week 
4 week 
6 week 
8 week 

 10 week 

 
100 

 
100 

 
100 

 
100 

 
100 

 
100 

 
100 

 
100 

90 13 Detached 
From  
Substrate 

90 90 
 

30 
 

65 
 

102 
 

70 Stopped  
Test - 

 80 
 

70 
 

10 
 

60 
 

100 
 

62   62 65 
 

Stopped 
Test 

55 
 

95 
 

60   55 62  41 85 

55   50 60   82 

Salt Fog, 750 
hr (ASTM B 
117) 
scribe rating 
(ASTM D 1654, 
Procedure A) 

 
7 

 
8 

 
0 

 
7 

 
7 

 
7 

 
7 

 
8 

Referenced test methods: 
ASTM D 522 - Standard Test Methods for Mandrel Bend Test of Attached Organic Coatings 
ASTM G 154 - Standard Practice for Operating Fluorescent Light Apparatus for UV Exposure of Nonmetal-
lic Materials 
ASTM D 523 - Standard Test Method for Specular Gloss 
ASTM B 117 - Standard Practice for Operating Salt Spray (Fog) Apparatus 
ASTM D 1654 - Standard Test Method for Evaluation of Painted or Coated Specimens Subject to Corro-
sive Environments 

 

2.4.4 Siloxane resins 

Because of their high solids content, low viscosity, excellent film forming 
properties and inherent resistance to degradation by ultraviolet light, al-
koxy functional methylphenyl siloxanes are the silicone resins of choice for 
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formulating durable, ambient temperature curing epoxy siloxane coatings. 
Siloxane resins with 6 to 22% alkoxy content, methyl/phenyl ratios from 
100/0 to 37/63 and molecular weights from 1000 to 1500 were evaluated 
by preparing a master batch of titanium dioxide pigmented aliphatic epoxy 
resin, post adding the siloxane resin and then curing the blend with a mix-
ture of Aminosilane A and commercial aminosilane. As expected, all of the 
siloxane resins performed well in QUV-B accelerated weathering tests. In 
general, coatings based on siloxane resins with low 12% alkoxy content 
had good flexibility but were considered too soft for coating structures ex-
posed to repeated handling, wear or abrasion. Coatings based on siloxane 
resins with high alkoxy content had excellent hardness and abrasion resis-
tance but had low elongation and flexibility. The methyl/phenyl ratio in 
the siloxane resin was also optimized for compatibility and corrosion per-
formance. The prototype coating is formulated, from siloxane resins which 
offered the best combination of gloss, flexibility, UV durability and corro-
sion resistance.  

2.4.5 Corrosion inhibitors 

A range of corrosion inhibitors were screened in the experimental formu-
las I and II shown above. A comparison of corrosion resistance on iron 
phosphate treated cold rolled steel is in the Table 6. 

Table 6. Corrosion resistance comparisons using different types and concentrations of 
corrosion inhibitors. 

Pigment % Loading Resin Formula 500 hr ASTM 
rating 

700 hr ASTM 
rating 

---- ---- 
Commercial 
Epoxy  
Siloxane 

5 4 

---- ---- I 4 4 

Calcium inhibitor 10% I 5 5 

Magnesium 
inhibitor 10% I 6 6 

Calcium inhibitor 16% I 7 6 

Magnesium 
inhibitor 16% I 6 6 

---- ---- II 6 5 

Magnesium 
inhibitor 7% II 8 7 

Magnesium 10% II 8 7 
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Pigment % Loading Resin Formula 500 hr ASTM 
rating 

700 hr ASTM 
rating 

inhibitor 

Calcium inhibitor 6% II 5 4 

Calcium inhibitor 11% II 5 4 

 
Magnesium oxide and calcium compounds were found to be the best cor-
rosion inhibitors for these polysiloxane coating systems. Magnesium com-
pounds give better performance at lower levels than the calcium com-
pounds regardless of the resin composition. 

The base resin system of experimental formula II has better corrosion re-
sistance than the other epoxy polysiloxane coatings. When this is used in 
combination with magnesium oxide, superior performance is found with < 
1 mm scribe creep after 500 hr. The UV durability of formula II with mag-
nesium oxide as corrosion inhibitor does not make it useful as a direct to 
metal topcoat, however, this formula may find utility as a primer layer.  

2.4.6 UV stabilizer package 

Like many coating systems, epoxy siloxane coatings can benefit from in-
clusion of certain additives which protect the resin backbone from degra-
dation by ultraviolet light. Accordingly, 15 light stabilizers were evaluated 
in various combinations in 54 different epoxy siloxane coating formula-
tions by following gloss and color change using QUV-A and QUV-B accele-
rated weathering tests. Best results were obtained using a combination of 
ultraviolet light absorber and hindered amine light stabilizer.  

2.4.7 Prototype formula 

The prototype formula that was developed is based on a proprietary blend 
of aliphatic epoxy and siloxane resins, inhibitive pigments, ultra violet 
light stabilizers and aminosilane curatives. Compared to commercially 
available epoxy siloxane coatings, the new coating has high solids and low 
VOC, longer pot life with significantly faster dry times, higher hardness, 
improved flexibility and elongation, excellent resistance to a wide variety 
of chemicals including better resistance to organic acid and better corro-
sion resistance and UV durability. Application and performance properties 
are compared in Table 7 and Figure 8.  
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Table 7. Comparison of commercial and experimental epoxy siloxane coating materials. 

Coating System New Epoxy Siloxane Commercial Epoxy Siloxane 

Volume Solids, calculated 90% 90% 

VOC, g/l, EPA Method 24 < 100g/l <100g/l 

Components 2 2 

Mix ratio by volume 1.66 to 1.0 4 to 1 

Dry film thickness per coat, mils 2 to 8 2 to 8 

Pot life, hours 7 4 

Dry times at 72F/40%RH (ASTM D 
1640) 

dry to touch 
dry through 

 
30 to 40 minutes 
60 to 75 minutes 

 
3 to 4 hours 
7 to 8 hours 

Konig hardness (ASTM D 4366, 
Method A) 

90 74 

Conical Mandrel Elongation (ASTM D 
522) 
(after 3 days at 72oF + 11 days at 
140oF) 

4.5% <3% 

Salt Fog Exposure, 750 hours (ASTM 
B 117) 
Sandblasted Steel  
ASTM scribe rating (ASTM D 1654) 

8 8 

Cyclic Prohesion, 700 hour (ASTM D 
5894) 
Bonderite 1000 smooth steel 
ASTM scribe rating (ASTM D 1654) 

6 4 

MEK Double Rubs (ASTM D 5402) 200+ 200+ 

Chemical Spot Test, 24 hrs. (ASTM D 
1308, Modified)  
 NaOH, 50% 
 HCL, conc. 
 H2SO4, 98% 
 Phenol, 85% 
 H3PO4, 85% 
 Acetone 
 Ammonium Hydroxide, 28% 
 Ethanol 
 Acetic Acid, Glacial 
 Cumene 

 
 
10 
6 
0 
0 
10 
10 
10 
8 
10 
0 

 
 
10 
10 
0 
0 
10 
10 
10 
0 
10 
0 

Methods reference in table above: 
EPA Method 24 - Determination of Volatile Matter Content, Water Content, Density, Volume 
Solids, and Weight Solids of Surface Coatings 
ASTM D 1640 - Standard Test Method for Drying, Curing, or Film Formation of Organic 
coatings at Room Temperatures 
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ASTM D 4366, Method A - Standard Test Methods for Hardness of Organic Coatings by 
Pendulum Damping Tests, Method A - Konig Pendulum Hardness Test 
ASTM D 522 - Standard Test Methods for Mandrel Bend Test of Attached Organic Coatings 
ASTM B 117 - Standard Practice for Operating Salt Spray (Fog) Apparatus 
ASTM D 1654 - Standard Test Method for Evaluation of Painted or Coated Specimens Subject 
to Corrosive Environments 
ASTM D 5894 - Standard Practice for Cyclic Salt Fog/UV Exposure of Painted Metal, 
(Alternating Exposures in a Fog/Dry Cabinet and a UV/Condensation Cabinet) 
ASTM D 5402 - Standard Practice for Assessing the Solvent Resistance of Organic Coatings 
Using Solvent Rubs 
ASTM D 1308, Modified - Standard Test Method for Effect of Household Chemicals on Clear 
and Pigmented Organic Finishes 

 

 
Figure 8. Accelerated weathering comparison of commercial coating and experimental 

formulation. 
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3 Discussion 

3.1 Metrics 

3.1.1 Materials and sample preparation 

To assess the corrosion protection provided by the fire-protective coating, 
the coating system was compared with standard coating systems for exte-
rior steel facilities as given in Unified Facilities Guide Specification 
(UFGS) 09 90 00, Paints and Coatings. The baseline standard coating sys-
tems for exterior ferrous metal are based on coatings specifications from 
the Master Painters Institute, Burnaby, BC, and are listed in the guide spe-
cification are as follows: 

• System 1: 
o Primer: MPI #23, Surface Tolerant Metal Primer 
o Intermediate and Top Coats: MPI #9, Exterior Alkyd Enamel, 

Gloss, MPI Gloss Level 6 (i.e., a semi-gloss) 
• System 2: 

o Primer: MPI #23, Surface Tolerant Metal Primer 
o Intermediate and Top Coats: MPI #94, Exterior Alkyd, Semi-Gloss, 

MPI Gloss Level 5 (Note: this is a semi-gloss)  

Coatings meeting the requirements of the MPI specifications were (1) se-
lected from MPI’s Approved Products List, (2) all made by a single manu-
facturer, and (3) applied in accordance with the manufacturer’s printed 
instructions. 

Several other coating systems were included in the exposure tests, includ-
ing the primer and topcoat used on Buildings 227 and 299 (without the 
intumescent intermediate coat), and several alternative systems. These 
systems are described in Table 8. 

Panels measuring 12 x 3 in. (a few prepared at ERDC CERL were 9 x 3 in.) 
were painted with the various systems and were scribed prior to exposure 
with a 2 in. long cut to bare metal parallel to the long edge and placed in 
the lower half of the panel. 
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Table 8. Coating systems included in exposure tests. 

Coating System  1 2 3 4 5 8 9 10 11 12 14 15 16 17 18 19 20 21 

Epoxy Mastic Primer  X X X X X X X X X X X X X      

Intumescent Epoxy 
Mid-Coat X X X X X              

High Build Semi-gloss 
Polyurethane Topcoat X         X                       

Direct-to-metal 
Urethane Mastic   X     X       X     

Waterbase Gloss 
Exterior Acrylic     X         X                   

Epoxy Siloxane     X     X      X    

Two-component 
Fluoropolymer         X         X               

Aliphatic Acrylic-
Polyester 
Polyurethane           X      

  

High-Performance 
Acrylic                      X            

Chlorinated Rubber 
Micaceous Iron Oxide 
Topcoat             X   X 

  

MPI Paint # 23 
Surface Tolerant 
Metal Primer                               

 
X 

 
X 

MPI Paint #9 Exterior 
Alkyd Enamel, Gloss                 

 
X 

 
 

MPI Paint #94 
Exterior Alkyd, Semi-
Gloss                 

 
 

 
X 

Note: System 1 was the coating system installed on Buildings 227 and 299. Systems 20 and 21 are the 
baseline standard systems from UFGS 09 90 00. 

 

3.1.2 Coupon test rack 

A coupon test rack was mounted at a 45-degree angle facing south on the 
sunny south side of Building 227 (Figure 9). Duplicate sets of test panels 
were exposed in accordance with ASTM D 1014, Standard Practice for 
Conducting Exterior Exposure Tests of Paints and Coatings on Metal 
Substrates, the performance of the coating systems was periodically rated 
in accordance with ASTM D 1654, Standard Test Method for Evaluation 
of Painted or Coated Specimens Subjected to Corrosive Environments, 
Method 1 (Air Blow-off).  
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Figure 9. Coupon rack in place for outdoor exposure test. 

This panel rating period was not yet complete at the time of publication of 
this report. The data for the six-month rating is provided below. Addition-
al data will be provided in a supplement to this report. 

3.1.3 Accelerated laboratory testing 

Duplicate panels were exposed to a cycle of 7 days of salt fog and 7 days of 
a UV light / condensation cycle in accordance with ASTM D 5895, Stan-
dard Practice for Cyclic Salt Fog/UV Exposure of Painted Metal, (Alter-
nating Exposures in a Fog/Dry Cabinet and a UV/Condensation Cabinet) 
for a total of 2,000 hours.  

3.2 Results 

3.2.1 Coating performance 

The demonstration project to apply fire protective and corrosion resistant 
coatings at Rock Island Arsenal was successfully completed. Test panels of 
various fire and corrosion resistant systems were created and are under-
going exposure testing on an outdoor exposure rack in the corrosive envi-
ronment near Building 227 at Rock Island Arsenal.  
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3.2.2 Formulation enhancement studies 

An aliphatic epoxy and siloxane resin based prototype coating was devel-
oped that exhibits improvements in VOC, pot life, dry time, hardness, flex-
ibility and elongation, chemical and corrosion resistance, and UV durabili-
ty. 

3.3 Lessons learned 

This project provided the researchers with an excellent opportunity to 
demonstrate the application of its intumescent fire-protective coating sys-
tem to the DoD facilities community; to evaluate the adhesion and corro-
sion resistance of several commercially available coatings systems in the 
corrosive environment of Building 227; and to work to develop new fire 
protective coating technology with improved corrosion resistance and oth-
er properties. 

The process for application of the intumescent coating system is not much 
different than the approach taken to any industrial painting project, a 
process with which most facilities are familiar. Effective management of an 
industrial painting project must include attention to the following: 

• Bid / Contract Scope language needs to be very specific. All parties 
need to agree in writing on the scope of the project. 

• A coating system test panel prepared on a steel panel prior to begin-
ning the work on the structure. This appearance test panel should be 
approved by all parties and be retained to serve as a reference for all 
work on the structures. 

• The abrasive blast equipment and the heated plural component spray 
equipment are heavy and bulky, and the plans for movement of ma-
terial and equipment must be coordinated among all parties. 

• Where possible, the planned start date should take into consideration 
the time of year and normal temperatures ranges typically encoun-
tered. This can avoid exposing personnel to excessive heat within en-
closed work area(s), and can prevent interruptions in coating applica-
tion when the temperature falls outside the manufacturer’s 
recommended range for coating application and curing. 

• Placement of waste receptacles onsite and timely pick-up of waste such 
as spent abrasive media and paint and solvent wastes should be coor-
dinated in advance with an approved local waste disposal company. 
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4 Economic Summary 

4.1 Costs and assumptions 

Demonstration project costs are shown below: 

Funding Source OSD Matching 
Labor 150 175 
Materials 250 250 
Navy / Air Force Support 20 20 
Travel 20 20 
Report 60 35 
Total 500 500 

Critical steel structures and components are painted on a 15 year cycle, at a 
cost of $2.2M. The maintenance of the coating systems and maintenance 
and repair of the painted structure and components is $150K.  

The annual costs of mission impact due to corrosion of the structure is 
$50K. In this model two fire events are included in years 15 and 30, and 
savings of $8M and $6M are attributed to the performance of the intu-
mescent paint in reducing fire damage.  

The new paint system will be maintained at an annual cost of $40K, com-
mencing after year 10. 

4.2 Return-on-investment computation 

1) Projected Useful Life Savings (ULS) is equal to the “Net Present Value 
(NPV) of Benefits and Savings” calculated from the Spreadsheet shown in 
Appendix 1 that is based on Appendix B of OMB Circular A94.  

ULS= $8,755K (from OMB Spreadsheet.  

2) Project Cost (PC) is shown as “Investment Required” in OMB Spread-
sheet in Appendix 1; PC= $1,000K.  

3) Potential ROI – Computation 
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ULS $ 8,755K 
Potential ROI = ------------ = ------------- = 8.76 

PC $ 1,000K 

The calculated ROI for this project, which is based on current best practic-
es, projected maintenance and rehab cost, has the potential to increase 
over the multiple year implementation due to reduction in down time, 
which will result in increased indirect savings.  

Table 9. Return-on-investment calculation. 

 

 

    
        

 Investment Required   1,000,000 
        

 Return on Investment Ratio 8.76 Percent 876% 
        

 
Net Present Value of Costs and Bene-

fits/Savings 215,412 8,970,600 8,755,188 
A B C D E F G H 

Future 
Year 

Baseline Costs Baseline 
Benefits/ 
Savings 

New Sys-
tem Costs 

New System 
Benefits/ 
Savings 

Present 
Value of 

Costs 

Present 
Value of 
Savings 

Total Pre-
sent Value 

1 2,350,000     50,000   2,243,040 2,243,040 
2 150,000     50,000   174,680 174,680 
3 150,000     50,000   163,260 163,260 
4 150,000     50,000   152,580 152,580 
5 150,000     50,000   142,600 142,600 
6 150,000     50,000   133,260 133,260 
7 150,000     50,000   124,540 124,540 
8 150,000     50,000   116,400 116,400 
9 150,000     50,000   108,780 108,780 

10 150,000     50,000   101,660 101,660 
11 150,000   40,000 50,000 19,004 95,020 76,016 
12 150,000   40,000 50,000 17,760 88,800 71,040 
13 150,000   40,000 50,000 16,600 83,000 66,400 
14 150,000   40,000 50,000 15,512 77,560 62,048 
15 150,000   40,000 8,050,000 14,496 2,971,680 2,957,184 
16 2,350,000   40,000 50,000 13,548 812,880 799,332 
17 150,000   40,000 50,000 12,664 63,320 50,656 
18 150,000   40,000 50,000 11,836 59,180 47,344 
19 150,000   40,000 50,000 11,060 55,300 44,240 
20 150,000   40,000 50,000 10,336 51,680 41,344 
21 150,000   40,000 50,000 9,660 48,300 38,640 
22 150,000   40,000 50,000 9,028 45,140 36,112 
23 150,000   40,000 50,000 8,436 42,180 33,744 
24 150,000   40,000 50,000 7,884 39,420 31,536 
25 150,000   40,000 50,000 7,368 36,840 29,472 
26 150,000   40,000 50,000 6,888 34,440 27,552 
27 150,000   40,000 50,000 6,436 32,180 25,744 
28 150,000   40,000 50,000 6,016 30,080 24,064 
29 150,000   40,000 50,000 5,624 28,120 22,496 
30 150,000   40,000 6,050,000 5,266 814,680 809,424 
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5 Conclusions and Recommendations 

5.1 Conclusions 

The coating system demonstrated in this project has been shown to pro-
vide good corrosion protection to the steel in corrosive environments in 
accelerated laboratory tests and on the structures at Rock Island Arsenal. 
Additionally, the system is designed to protect the steel from reaching high 
temperatures in a fire for up to 3 hours. This system has the potential to 
provide the benefits of this protection to many types of structures across 
the DoD.  

5.2 Recommendations 

5.2.1 Applicability 

Within the Department of Defense, a number of possibilities exist for the 
improvement of asset protection by the use of fire protective corrosion re-
sistant coatings. A non-exhaustive list of these opportunities is shown in 
Table 10. It should be noted that the specifications on this table are of a 
general nature only. Where fire protection is required, it is necessary that 
requirements of the specific situation to be assessed to determine the ap-
propriate type of coating system that will provide the most effective pro-
tection. 

Table 10. Opportunities for technology implementation. 
Structure Type Substrate Relevant Testing Specification Recommended 
Power Plant Structural Steel Cellulosic Fire, 

UL 263 
3 hr rating  
0.53" Flexible Epoxy Intumscent 

Interior Structural Steel Cellulosic Fire, 
UL 263 

1 hr rating interior  
Thin Film Thickness per steel size 

Hangar Structural Steel Cellulosic Fire, 
UL 263 

3 hr rating  
0.53" Flexible Epoxy Intumscent 

Fuel Storage 
Tanks 

Steel vessel D.O.T. 200 mil Pitt-Char XP 

  Vessel supports Hydrocarbon/ Jet 
Fire, UL 1709 

2 hr, thickness per steel size 

Cryogenic fuel 
Storage 

Steel vessel OTI-95-634 
Chartrek 7 Jet 
Fire Certification 

2 hr jet fire on vessels 
2" foamglas plus 8mm Flexible Epoxy 
Intumescent  



ERDC/CERL TR-09-29 25 

 

Structure Type Substrate Relevant Testing Specification Recommended 
Fuel Pipelines Steel Pipe Hydrocarbon/ Jet 

Fire, UL 1709 
2 hr jet fire per steel size 

Cryogenic Fuel 
pipe 

Steel Pipe Hydrocarbon/ Jet 
Fire, UL 1709 

2" foamglas plus 11mm Flexible Epoxy 
Intumescent 

Interior/Exterior Structural Steel Cellulosic Fire, 
UL 263 

3 hr rating  
0.53" Flexible Epoxy Intumscent 

Relevant standards: 
ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials 
UL 263 - Standard for Fire Tests of Building Construction and Materials 
UL 1709 - Standard for Rapid Rise Fire Tests of Protection Materials for Structural Steel 

5.2.2 Implementation 

DoD criteria documents cover cementitious or fiber-based fireproofing 
(UFGS-07 81 00 Spray-Applied Fireproofing April 2006) and detailed de-
sign criteria (UFC 3-600-01 26 Fire Protection Engineering for Facilities, 
September 2006), but these documents do not address the available intu-
mescent coating systems. These documents need to be updated to allow 
application of the new, flexible epoxy intumescent coating systems. Ideal-
ly, an product specification will be adopted by SSPC - The Society for Pro-
tective Coatings, or the Master Painter’s Institute so that the product spe-
cification can be referenced in the UFGS as a system. 

A recommendation for implementation language is included in Appendix 
D. 
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Appendix A: Project Management Plan for 
CPC Project FAR-13 
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Appendix B: Contractor’s Work and Safety 
Plan 
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Appendix C: Outdoor Coupon Tests and 
Accelerated Weathering Laboratory Test Data 

Outdoor test panel results 

Pairs of duplicate test panels of each of the coating systems were placed on 
the outdoor exposure rack at Building 227, Rock Island Arsenal in August 
2007. These panels will remain in test for at least 2 years, and the detailed 
analysis of the 2-year performance will be provided in a supplementary 
report in late 2009. An inspection after 7 months of performance was con-
ducted on 7 March 2008. The results are provided in Table C1.  

The evaluation of the test panels was conducted in accordance with ASTM 
D 1654 - Standard Test Method for Evaluation of Painted or Coated Spe-
cimens Subject to Corrosive Environments. A rating of 10 for blisters and 
chalking indicates that no failure has occurred. The rating for rusting indi-
cates the degree of undercutting of the coating at the scribe line, as fol-
lows: 

 Rating  Millimeters 
 10 0 
 9 0 – 0.5 
 8 0.5 – 1.0 
 7 1.0 – 2.0 
 6 3.0 – 3.0 
 5 3.0 – 5.0 
 4 5.0 – 7.0 
 3 7.0 – 10.0 
 2 10.0 – 13.0 
 1 13.0 – 16.0 
 0 1.0 – 2.0 

Accelerated weathering test panel results 

Selected systems were exposed to 2000 hours of a salt fog/ UV condensa-
tion cycle in accordance with ASTM D5894 - Cyclic Salt / UV Exposure of 
Painted Metal (Alternating Exposures in a Fog/Dry Cabinet and a 
UV/Condensation Cabinet). After the exposure, the panels were evaluated 
in accordance with ASTM D 1654. Table C2 shows these results.   



 

 

Table C1. Outdoor coupon exposure results. 

Coating System  1 2 3 4 5 8 9 10 11 12 14 15 16 17 18 19 20 21 

Initial Gloss 20º / 60º 4 / 30 16 / 62 4 / 23 12 / 45 5 / 32 10 / 45 76 / 95 28 / 75 52 / 86 34 / 74 6 / 34 21 / 62 26 / 74 63 / 92 56 / 84 29 / 74   

Gloss on 3/7/08                   

20º/60º panel -1 4 / 25 19 / 62 3 / 22 15 / 55 6 / 30 12 / 51 78 / 94 21 / 69 53 / 91 35 / 75 5 / 32 25 / 70 28 / 75 75 / 92 62 / 90 23 / 70 4 / 26 4 / 29 

20º/60º panel -2 5 / 31 13 / 57 3 / 22 10 / 48 8 / 39 14 / 56 72 / 92 19 / 65 53 / 90 35 / 74 6 / 35 25 / 70 30 / 76 72 / 93 62 / 90 24 / 73 3 / 25 4 / 29 

Blisters 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Chalk 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Rusting 9P 9P 9P 9P 9P 8P 9P 7P 9P 7P 9P 8P 9P 9P 9P 9P 9P 9P 

Comments   Panel #1 has two 
1/4" spots where 
topcoat was is 
gone (panel 
dropped). 
Adhesion is good 

Slight 
yellowing on 
coating 
under flap 

  Slight scribe 
undercutting 
~0.05" 

10-2 looks 
slightly 
darker. Dirt 
pickup? 

   Yellowing on 
coating under 
flap. 15-2 is the 
more yellow 
than 15-1 

   Scribe 
undercutting 
~0.05" 

  

Panels were inspected and placed back on exposure on March 7, 2008. 
All panels were washed and rinsed before gloss readings and visual measurements. 
All panels showed pinpoint rusting/spotting which is most likely due to metal particulates resulting from the cutting of the scribe line rather than a rust through condition. 

 
Table C2. Accelerated weathering laboratory results. 

Coating System  1 2 3 4 5 8 9 10 11 12 14 15 16 18 20 21 

Initial Gloss 20º / 60º 4 / 30 16 / 62 4 / 23 12 / 45 5 / 32 10 / 45 76 / 95 28 / 75 52 / 86 34 / 74 6 / 34 21 / 62  26 / 74  56 / 84 3 / 18  3 / 17 

Gloss on 3/7/08                 

20º/60º panel -1 3 / 25 21 / 73 1 / 8 7 / 39 4 / 31 3 / 21 61 / 91 2 / 24 26 / 78 25 / 73 1 / 10 1 / 11 12 / 54 34 / 77 1 / 8 1 / 7 

20º/60º panel -2 3 / 23 14 / 54 2 / 10 8 / 44 6 / 31 4 / 28 58 / 86 2 / 24 26 / 75 22 / 74 1 / 7 1 / 15 10 / 52 26 / 70 1 / 8 1 / 6 

20º/60º panel -3 2 / 18 14 / 64 1 / 10 7 / 37 4 / 22 4 / 24 58 / 87 2 / 30 34 / 81 26 / 74 1 / 9 1 / 13 8 / 43 37 / 81 1 / 8 1 / 6 

Blisters 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Chalk 10 10 8 10 10 8 10 10 10 10 8 8 10 10 8 8 

Rusting 10 10 10 10 10 3 3 3 2 2 3 3 3 2 6 6 

Note: All panels were washed and rinsed before gloss readings and visual measurements. 
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Appendix D: Suggested Implementation 
Guidance 

The following language is recommended for incorporation into Unified Fa-
cilities Guide Specification (UFGS) 07 81 00, Spray-Applied Fireproofing. 

The fire protective coating shall be a two-component epoxy based intumescent 
coating. On curing it shall form a flexible and tough epoxy barrier which trans-
forms into a ceramic-like, insulating char to provide thermal protection of the 
substrate in the event of a fire. When applied as a system with the manufacturer’s 
recommended surface preparation, primer, fire protective layer, and a topcoat if 
required, it shall also protects the substrate from corrosion and retain its fire pro-
tection properties under aggressive chemical environments. It shall be resistant 
to solvents, acids, alkalis, salts and abrasion while retaining its fire protective 
properties. It shall also exhibit the following properties: 

Percent Solids by Weight  100%  

In Service Temperature Restrictions Up to 150°F (65°C) 

Application Method  Air spray or specialized plural component 
airless equipment approved by the 
manufacture. Troweling can be used for small 
areas or touch-up work.  

Drying Time  Approximately 24 hours to achieve a Shore D 
hardness of 25.  

Shelf Life  Minimum shelf life under proper storage 
condition is 1 Year from date of manufacture 

Pot Life At 77°F (25°C) and 50% relative humidity: 
Approximately 40 minutes. (Pot life is not a 
factor when using specialized plural 
component airless spray equipment.)  

Flash point  Greater than 212°F (100°C) Pensky-Martens 
for each component.  
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